Abstract
Introduction
Image classification has become an important problem in several domains and has found its applications in various spheres. One of the main areas where this field has gained importance is biometrics. Various recognition and identification systems have been based on biometrics utilizing biometric features such as face, fingerprint, retina scans, iris patterns, hand geometry, DNA traces, gait, and others for humans. Each one of them has been shown to be characteristic of a person. Face recognition, for example, has been one of the most widely studied areas in biometrics. [1] refers to 20 main characteristics of faces that distinguishes them from one another. Fingerprint Recognition has become an automated biometric identification technique over the past two decades. Fingerprints have an uneven surface of ridges and valleys that form a unique pattern for each individual. Systems based on hand geometry have been another successful application of biometrics. Apart from all these external characteristics of humans, it is important to note that internal features like iris patterns, retina scans have also been found unique to individuals. This provides an impetus to probe into other internal characters to be utilized as successful models for identification. X-rays have been known for ages to depict the internal anatomy and anomalies. During the past decades, image processing has been able to diagnose pathologies based on x-rays [2] , [3] . However, how far x-rays can be utilized for the identification of individuals is still an open question. The present venture is being proposed to gain insight into this obscure problem and it is likely that the proposal will reveal some interesting findings which may be beneficial to those interested in the current research and even for those who are engaged in related areas. The paper has been divided into 7 sections. The second section deals with the related work on human identification using dental radiographs. Third section talks about the proposed approaches for the current problem and reveals some interesting results obtained so far along with the expected ones. This is followed by the conclusion.
Related Work
Human identification using radiographs has been primarily done in dentistry. Dental biometrics automatically analyzes dental radiographs to achieve the aim of forensic dentistry and for the purpose of human identification [][9.pdf]. The method used in dental biometrics is matching the unlabelled PM (post -mortem) radiographs against the database of labeled AM (antemortem) radiographs. The prior art shows that perhaps this is the only area where x-rays or radiographs have been used for the purpose of classification.
Dental biometrics has been divided into two phases: feature extraction and matching. At the stage of feature extraction, the tooth contours and the dental work shapes are extracted. The extraction of tooth contours along with some preprocessing procedures, such as radiograph segmentation and gumline detection has been discussed in the literature [4] [5] [6] [7] . The methods include pixel classification [5] , adaptive thresholding [7] and active contour models [6] , etc. This is one of the areas of focus for current research as well. Dental contours provide the main information for feature extraction and matching. Similarly, the rib contours along with main bones near shoulders may provide the basic set of features for chest x-rays.
Besides tooth contours, the dental work shape is another dental information which has been used for identification. In addition, the shape of dental work is easy to extract and thus is reliable. A method using the anisotropic diffusion [8] is used to enhance the image and a model of mixture of Gaussians [9] to segment the dental work from tooth images. On other hand, due to complexity and overlapping of bone structures in chest x-rays, the shape of rib structure and side bones is a more complicated and a harder problem.
During matching, the identification is obtained in three steps: matching at the tooth level by using tooth contours and dental work shapes followed by matching at the contextual level. This step reduces the searching scope and enhances the matching accuracy by binding neighboring teeth into groups. In order to obtain the tooth correspondence between groups, a fusion method to combine the local matching scores for inferring the correct correspondence was used. Exhaustive matching was avoided because total number of teeth may increase or decrease. Then a distance is obtained to measure the dissimilarity between the tooth groups. The matching at the subject level is to obtain the identity of a group of PM images. Since each image has at least one tooth group, a method is used to combine the distances between tooth groups to get the distance between subjects. Then these distances are ranked to provide a list of possible identities.
Major work in the area of X-rays has been focused on image enhancement and edge-detection rather than image classification. Metal objects and anomalies segmentation and detection [10] has also been a well researched topic in x-rays. Though their objective is different, these approaches list the challenges in dealing with x-ray images, extracting regions of interest (bonestructures) and image enhancement [11] . Due to low contrast, it is important to find edges in the images which may help feature detection in later stages. [12] lists two main edge detectors -wavelet based edge detector and snake based edge detector. The former relies on gradient approach by associating edge points to sharp variations of the grey-level intensity in the X-ray images. The latter develops a GVF(Gradient Vector Flow) and allows to detect contours of nonsimply connected sets -which play an important role in chest x-rays where there is a high rate of occlusion in many bone structures.
For classification and categorization of x-ray images of different body parts, GMM-KL framework (Gaussian Mixture Modeling with image matching by Kullback Leibler measure) has been used [13] [14] . Using this approach, unsupervised clustering is employed to extract coherent regions in feature space and corresponding coherent segments ("blobs"). These blobs are used in matching process. This method is aimed at a very high-level abstraction and representation of x-ray images and can not be used for image classification using same 'type' of x-rays. Neural Network approaches [15] have also been developed to promote automated diagnosis and classification of x-ray based images. The typologies investigated include Back Propagation (BP), Counter Propagation (CP), SelfOrganizing Feature Map (SOFM) and Bi-directional Associative Memory (BAM). Using these networks as basic components, a hybrid neural network is derived, which takes into account not only local information but also more global distributions of image pixels in order to deal with the problem.
Dataset
A dominant characteristic of the radiological images is their poor contrast and large intensity variations.
Dataset: X-ray images of 50 individuals were used for classification. Each class had 2 samples each of 4 types of x-rays:
• Frontal view • Side view • Low resolution x-ray • High resolution x-ray After examining each type, the frontal view x-rays were taken for classification. Figure 1 shows one of such images from class 1. When the set of images (containing two samples per class) was given to 3 users, they found the following most discriminating features across classes:
• Shape of Clavicle 
Figure 1: Showing the labeled X-ray of human chest
Images were initially in DCM format (Medical Image Format) of around 8 MB each. They were first converted to JPEG format and then scaled down to 512 X 512 size. Contrast was increased so that the bone structures are better visible. One image per class was used for training and the other one for testing!
Proposed Approaches
Approaches to the imagecorrespondence problem can be broadly classified into two categories: the intensity-based matching and the feature-based matching techniques. In the first category, the matching process is applied directly to the intensity profiles of the two images, while in the second, features are first extracted from the images and the matching process is applied to the features.
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Intensity-based approaches:
The template matching process involves cross-correlating the template with the scene image and computing a measure of similarity between them to determine the similarity between the images. Template matching was applied between each test image and every train image using correlation based on FFT of images. The accuracy was found to be pretty low (around 10%). The reason for that is conspicuous -perspective distortions along with different translations and scaling between images of same class. 
Linear subspace learning technique
PCA was applied to the set of images with the hope that the components carrying non-discriminatory information will be taken out. Top 25 eigen vectors were taken. The classification was done using nearest neighbor approach. The accuracy increased to 28%. It is important to note that template matching and nearest neighbor (after PCA) did essentially the same thing. Still the rise in accuracy shows that template matching was indeed faltered by smooth luminance all over. Since x-ray images are smooth all over with nearly the same intensity, the correlation functions could not achieve many differences. Infact, when the topmost eigen vector was removed, the accuracy dropped! This showed that the top eigen vector did not carry any variation due to lightningwhich is very true for x-ray images.
Binary Images:
In order to overcome the problem of constant intensity all over, the images were binarized using the same threshold (82/255). Figures 2 and 3 show the similarity and differences in images of similar and dissimilar classes in grayscale and binary modes. The accuracy of PCA increased to 44%.
Since PCA assumes linear subspace approximation of the data, manifold learning techniques like LLE, Isomaps, Laplacian eigen maps can also be applied. This will help in the study of linear nature of data.
Support Vector Machines:
Grayscale images 24% Binary images 52% Due to deficit of training samples per class, techniques like LDA etc. can not be applied. Even SVM does not make much sense here as it is not doing anything substantial after reducing the dimensionality by PCA.
Feature based approaches:
As discussed earlier, due to problems like registration, distortions, translations and scaling, intensity based approaches do not seem appropriate. Hence, feature based approaches should be targeted with more vigor. For any object, there are many points that can be used to describe the object and more significantly distinguish it from others. SIFT image features provide a set of features of an object that are not affected by scaling and rotation. The SIFT approach, for image feature generation, takes an image and transforms it into a "large collection of local feature vectors" [16] . Each of these feature vectors is invariant to any scaling, rotation or translation of the image. This approach shares many features with neuron responses in primate vision. To aid the extraction of these features the SIFT algorithm applies a 4 stage filtering approach
• Scale-Space Extrema Detection
Since humans found features based on shape of bone structures like clavicle, it gives impetus to use shape-based feature detection using shape contexts [17] . Also, results of skeleton approach [18] on the x-ray images (once properly enhanced by right contrast selection) might be interesting. Figure 4 shows results of canny and sobel edge detector on gray images. These can aid in feature extraction. But due to non-robustness of edge-detection algorithms, the dependence of feature extraction can not be solely based on edges. Hence, figure 5 shows the overlapping of grayscale image with its edge-extracted image. It clearly marks out boundaries and preserves the intensity details as well. Hope is to get much better features using such images.
Conclusion
The paper discussed the problem of image classification using x-ray images. The general approaches towards x-ray categorization, enhancement were discussed. The challenges which x-ray images propose have been listed along with features that help in distinguishing them by humans. A set of 50 human chest x-ray images were studied and methods based on intensity based and feature based classification were proposed. Its 
